Introduction
============

Switchable molecules are attractive targets in the design of functional nanomaterials.^[@cit1]--[@cit6]^ In this context spin crossover (SCO) compounds are ideal candidates as they can be switched by a range of stimuli including temperature,^[@cit7],[@cit8]^ pressure^[@cit9]^ and light,^[@cit10]--[@cit13]^ or combinations thereof.^[@cit14]^ As molecular compounds they are easy to prepare and readily tunable. In SCO systems the switching occurs between two electronic states termed high spin (HS) and low spin (LS) that are close in energy. This arises from the splitting of the d-orbitals into a t~2g~ and an e~g~ set in an octahedral ligand field and, while theoretically possible for a 3d^4^--3d^7^ electronic configuration, is most widely studied for Fe([ii]{.smallcaps}).^[@cit8],[@cit15]--[@cit20]^ However, more recent research has shown that Fe([iii]{.smallcaps}) systems can be just as effective and have the advantage over Fe([ii]{.smallcaps}) systems of being air stable.^[@cit21]--[@cit23]^ Moreover, with abrupt hysteretic, symmetry breaking and stepped SCO transitions all reported it is clear that functional devices are becoming a real possibility.

Nevertheless, challenges remain as no system yet exists which has a broad hysteresis at room temperature. In designing SCO complexes careful consideration needs to be given to selecting a ligand with a suitable ligand field strength and ensuring that it will form strong supramolecular contacts in the solid state. The latter is needed for the cooperative processes that underlie hysteretic switching.^[@cit24]^ In addition to the ligand, SCO behaviour is also influenced by the anion^[@cit25]--[@cit32]^ and the solvent.^[@cit33]--[@cit36]^ The effect of the anion is particularly pronounced as it often completely alters the solid state packing and consequently impacts SCO behaviour. Solvent effects tend to be more subtle but are less well understood as comparatively few studies exist. In the case of Fe([iii]{.smallcaps}) there is only one study of solvent effects in the series \[Fe(napet)NCS\]·sol (napet = 1-\[((2-{3-\[2-hydroxy-1-naphthyl)methylideneamino\]propylamino}ethylimino)methyl\]-2-naphthol); sol = tetrahydrofuran, methanol and 0.5 pyrazine, butanone, DMF, DMSO).^[@cit37]^ ![](c6sc05317c-u1.jpg){#ugr1}Although, only three of the compounds were SCO active^[@cit37]^ the authors were able to demonstrate that an N--H···O hydrogen bond between the coordinated amine and an oxygen atom from the solvent was responsible for tuning the spin transition temperature. Despite this success only one of the structures was determined in both spin states limiting the conclusions that could be drawn regarding how supramolecular connectivity is altered by SCO.

In our continuing studies on Fe([iii]{.smallcaps}) complexes of halogenated quinolylsalicylaldimines (qsal-X) we now report the variation of solvent in \[Fe(qsal-I)~2~\]OTf·sol (sol = MeOH **1**,^[@cit38]^ EtOH **2**, *n*-PrOH **3**, i-PrOH **4**, acetone **5**, and MeCN **6**). The structures of all these compounds have been determined by single crystal X-ray diffraction and in many cases the structures of both the high and low spin states have been obtained. This rich data set provides insight into how subtle structural changes radically impact magnetic behaviour. In particular, \[Fe(qsal-I)~2~\]OTf·EtOH is sensitive to ageing and sample treatment effects. This results in variable stepped SCO profiles with hysteresis up to 80 K. VT-PXRD studies suggest the different SCO profiles are related to a phase change that occurs following the first spin crossover. While such effects are well described in Fe([ii]{.smallcaps}) SCO extended framework systems^[@cit39],[@cit40]^ and order--disorder in Fe([ii]{.smallcaps}) SCO monomers^[@cit41]^ they are rarely reported in Fe([iii]{.smallcaps}).

Results and discussion
======================

Structural overview of \[Fe(qsal-I)~2~\]OTf·sol and discussion of Fe(qsal-I)~2~\]OTf·EtOH
-----------------------------------------------------------------------------------------

The crystal structure of \[Fe(qsal-I)~2~\]OTf·MeOH **1**, has previously been reported.^[@cit38]^ In this work, the crystal structures of \[Fe(qsal-I)~2~\]OTf·EtOH **2**, \[Fe(qsal-I)~2~\]OTf·*n*-PrOH **3**, \[Fe(qsal-I)~2~\]OTf·i-PrOH **4**, \[Fe(qsal-I)~2~\]OTf·acetone **5**, and \[Fe(qsal-I)~2~\]OTf·MeCN **6** have been determined at two temperatures, with the exception of **6** which lost crystallinity at room temperature. The complex magnetic behaviour of \[Fe(qsal-I)~2~\]OTf·EtOH **2** led us to determine the structure at 100, 170, 213 and 292 K. The crystallographic data are summarised in Table S1.[†](#fn1){ref-type="fn"} Crystals of **2** are found in phase **2a** when prepared at room temperature. Upon cooling below 170 K they shatter explosively due to a phase change to phase **2b** producing very small crystallites. Careful searching and use of synchrotron radiation allowed us to obtain the structure at 100 K, phase **2b**. Similar mechanical instability has recently been reported for \[Fe(5-Br-salEen)~2~\]ClO~4~ (5-Br-salEen = 4-bromo-2-{\[2-(ethylamino)ethylimino\]methyl}-phenol). In this case it is associated with a "thermosalient" effect unlike in **2**.^[@cit42]^ The structures of **1--6** at all temperatures belong to the triclinic space group *P*1. The asymmetric unit contains one molecule of solvent, an \[Fe(qsal-I)~2~\]^+^ cation and a triflate anion, the first such example in Fe([iii]{.smallcaps}) SCO chemistry.

As **2** has the most interesting SCO characteristics we will limit the discussion at this stage to this compound. There is a remarkably anisotropic distortion of the unit cell parameters with *b* and *c* shortening by 0.845 and 0.499 Å, respectively from phase **2a** at 292 K to phase **2b** at 100 K while *a* lengthens by 0.901 Å. By comparison, the unit cell parameters in \[Fe(5-Br-salEen)~2~\]ClO~4~ exhibit changes of more than 1.0 Å.^[@cit42]^ Despite our smaller changes in *a*, *b* and *c*, there is a substantial reduction in the unit cell volume by 6.3%, the largest yet reported for any Fe([iii]{.smallcaps}) SCO complex.

The Fe centre in **2** is pseudo-octahedral with two meridionally coordinated qsal-I ligands. The Fe--ligand bond lengths for all the compounds are listed in [Table 1](#tab1){ref-type="table"}. At 100 K the Fe--N/O bond lengths in **2b** (average 1.94 Å) are indicative of LS Fe([iii]{.smallcaps}).^[@cit38],[@cit43],[@cit44]^ At 213 and 292 K the Fe--N/O bond lengths for phase **2a** are characteristic of the HS state (average 2.06 Å at 292 K).^[@cit38],[@cit44]^ However, at 170 K the bond lengths of phase **2a** are a little shorter than at 213 and 292 K indicating the Fe([iii]{.smallcaps}) centre is mostly HS but preparing to undergo SCO. SCO results in changes of ΔFe--N = 0.170 Å and ΔFe--O = 0.023 Å and gives the largest overall change in this series.

###### Selected Fe--N/O bond lengths (Å) and octahedral distortion parameters (°) for \[Fe(qsal-I)~2~\]OTf·sol

                                               **1** [^*a*^](#tab1fna){ref-type="table-fn"}-163 K   **1** [^*a*^](#tab1fna){ref-type="table-fn"}-293 K   **2b**-100 K   **2a**-170 K   **2a**-213 K   **3**-100 K   **3**-270 K   **4**-163 K   **4**-293 K   **5**-137 K   **5**-293 K   **6**-123 K
  -------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- -------------- -------------- -------------- ------------- ------------- ------------- ------------- ------------- ------------- -------------
  Fe1--O1                                      1.874(8)                                             1.906(6)                                             1.900(4)       1.907(3)       1.919(6)       1.883(2)      1.914(3)      1.887(7)      1.908(6)      1.923(6)      1.935(6)      1.868(5)
  Fe1--O2                                      1.878(8)                                             1.907(7)                                             1.889(4)       1.908(3)       1.917(6)       1.895(2)      1.922(3)      1.893(7)      1.903(6)      1.915(6)      1.943(7)      1.884(5)
  Fe1--O~av~                                   1.876(8)                                             1.907(7)                                             1.895(4)       1.908(3)       1.918(6)       1.889(2)      1.917(3)      1.890(7)      1.906(6)      1.919(6)      1.939(7)      1.876(5)
  Fe1--N1                                      1.965(9)                                             2.096(7)                                             1.950(4)       2.101(3)       2.102(7)       1.950(2)      2.107(3)      1.945(8)      2.071(6)      1.953(8)      2.074(8)      1.940(6)
  Fe1--N2                                      1.939(10)                                            2.145(7)                                             1.972(5)       2.139(3)       2.143(7)       1.966(3)      2.129(4)      1.967(8)      2.084(6)      1.977(7)      2.109(7)      1.965(6)
  Fe1--N3                                      2.010(10)                                            2.157(8)                                             1.939(4)       2.094(3)       2.115(7)       1.966(3)      2.101(3)      1.949(8)      2.067(6)      1.948(8)      2.081(8)      1.937(6)
  Fe1--N4                                      1.948(9)                                             2.098(7)                                             1.971(5)       2.142(4)       2.152(7)       1.980(3)      2.158(4)      1.961(8)      2.110(8)      1.986(8)      2.121(7)      1.967(6)
  Fe1--N~av~                                   1.966(10)                                            2.124(8)                                             1.958(5)       2.119(4)       2.128(7)       1.966(3)      2.124(4)      1.956(8)      2.083(8)      1.966(8)      2.096(8)      1.952(6)
  *Σ* [^*b*^](#tab1fnb){ref-type="table-fn"}   43                                                   65                                                   44             60             67             47            65            48            54            41            57            47
  *Θ* [^*c*^](#tab1fnc){ref-type="table-fn"}   61                                                   189                                                  71             177            200            69            187           71            153           71            160           69

^*a*^Data taken from [@cit38].

^*b*^ ![](c6sc05317c-t1.jpg){#ugt1}, where *α* ~*i*~ are the twelve *cis* N/O--Fe--N/O angles.

^*c*^ ![](c6sc05317c-t2.jpg){#ugt2}, where *θ* ~*i*~ are the 24 unique N/O--Fe--N/O angles measured on the projection of two triangular faces of the octahedron along their common pseudo-threefold axis.

The degree of distortion at the Fe centre, as measured by *Σ* and *Θ*,^[@cit45],[@cit46]^ is Δ*Σ* (HS-LS) = 23°, while Δ*Θ* = 129° confirming that complete SCO occurs in **2**. Between 170 and 213 K, **2a** shows only small changes in the value of Δ*Σ* and Δ*Θ*, mirroring our previous findings in **1**.^[@cit38]^ As with the Fe--ligand bond lengths, the changes in the coordination sphere are more pronounced in **2** than in any other compound in this series as an overlay of the HS and LS structures for **1** and **2** shows in [Fig. 1](#fig1){ref-type="fig"} (for overlays for **3--5** see Fig. S1[†](#fn1){ref-type="fn"}). The large change in unit cell volume, noted above, and the coordination sphere are most likely responsible for the large hysteresis in **2** (*vide infra*).

![Overlay of HS (red) and LS (blue) structures of **1** (left) and **2** (right).](c6sc05317c-f1){#fig1}

Magnetic studies of \[Fe(qsal-I)~2~\]OTf·EtOH
---------------------------------------------

Magnetic studies of **2** between 50--325 K or 50--350 K indicate that the samples exhibit age and treatment dependent SCO, as shown in [Fig. 2](#fig2){ref-type="fig"}. The previously reported magnetic profile of \[Fe(qsal-I)~2~\]OTf, formed following MeOH loss from **1**, is included for comparison.^[@cit38]^ Two types of sample were studied, an aged and a fresh sample. Both samples were prepared by layered diffusion of Hqsal-I and NEt~3~ in CH~2~Cl~2~ and Fe(OTf)~3~ in EtOH. The difference was that the fresh sample was isolated immediately after crystallization was complete (*ca*. 3--4 days). In contrast, for the aged sample the crystals were left in the CH~2~Cl~2~/EtOH mother liquor for a further 2 weeks. Both samples analyse for one equivalent of EtOH. For the aged sample at 50 K *χ* ~M~ *T* is 0.5 cm^3^ K mol^--1^ and indicative of LS Fe([iii]{.smallcaps}), [Fig. 2b](#fig2){ref-type="fig"}. The *χ* ~M~ *T* value gradually increases upon heating reaching 1.4 cm^3^ K mol^--1^ at 235 K. After that there is an abrupt change (*T* ~1/2~↑ = 252 K) becoming fully HS at 270 K where *χ* ~M~ *T* is 4.42 cm^3^ K mol^--1^. In the cooling mode, *χ* ~M~ *T* decreases beginning at *ca*. 210 K reaching 3.4 cm^3^ K mol^--1^ at 170 K before dropping more rapidly to 0.5 cm^3^ K mol^--1^ with *T* ~1/2~↓ = 139 K. This is consistent with the structure at 170 K which exhibits slightly shorter Fe--N/O bond lengths than at 213 K. In the second heating cycle the spin transition shifts to *T* ~1/2~↑ = 219 K. Upon cooling, SCO again occurs in two steps with the step less pronounced in the second cycle (at 160 K, *χ* ~M~ *T* = 3.26 and 3.72 cm^3^ K mol^--1^ in 1^st^ and 2^nd^ cycle, respectively). Subsequent cycles do not alter the magnetic profile of the complex. Thus, the hysteresis of an aged sample of **2** is 80 K, one of the largest values ever reported for any SCO complex.

![Thermal variation of χ~M~ *T versus T* plot for (a) \[Fe(qsal-X)~2~\]OTf, (b) aged EtOH **2**, (c) fresh EtOH **2**, (d) fresh EtOH **2** after flash cooling.](c6sc05317c-f2){#fig2}

Two different magnetic measurements were performed on fresh samples of **2**. Firstly, the fresh sample was slowly cooled from room temperature. The magnetic plot in [Fig. 2c](#fig2){ref-type="fig"} shows an abrupt SCO with *T* ~1/2~(↓) = 175 K and *T* ~1/2~(↑) = 270 K in the first cycle. Subsequent cycles reveal two-step SCO with *T* ~1/2~(↓) = 213 and 103 K with a hysteresis of about 1--2 K at each step leading to an unprecedented plateau width of *ca.* 110 K at 2.5 cm^3^ K mol^--1^ and consistent with 50% HS.

In the second measurement, the sample was first quenched cooled to 100 K ([Fig. 2d](#fig2){ref-type="fig"}). Warming slowly the abrupt change at 270 K observed in the first heating cycle of the slow cooled sample is also present here. However, upon cooling the SCO profile has three steps with an extra step appearing at around 175 K with *χ* ~M~ *T* = 3.30 cm^3^ K mol^--1^, indicative of 66% HS. The second step occurs at *T* ~1/2~(↓) = 109 K with *χ* ~M~ *T* = 2.00 cm^3^ K mol^--1^ and consistent with 33% HS. In contrast, the heating mode is a two-step SCO process going from the LS to the HS state *via* 33% HS intermediate, resulting in an open hysteresis loop of *ca*. 42 K. The complicated SCO plots of **2** and their relationship with the phase changes are explained in the VT-PXRD section.

TGA analysis of **2** shows that it starts to lose EtOH at 353 K with solvent loss complete by 380 K (Fig. S2[†](#fn1){ref-type="fn"}). While we cannot absolutely rule out some small degree of solvent loss in fresh samples of **2** we believe that this is minimal as complete removal of EtOH requires heating under vacuum at 100 °C for 1.5 h and even then a cooling and heating cycle is required to give the magnetic profile of \[Fe(qsal-I)~2~\]OTf (Fig. S3[†](#fn1){ref-type="fn"}). Moreover, samples were sealed with Vaseline which also minimizes solvent loss.

DSC measurements of **2** on a fresh sample shows two peaks in the first cycle, one sharp at 277 K and a broader peak at 173 K with Δ*H* = 6.7 and 7.0 kJ mol^--1^ and Δ*S* = 24 and 40 J mol^--1^ K^--1^, respectively (Fig. S4 and S5, Table S2[†](#fn1){ref-type="fn"}) closely matching the SCO profile observed in [Fig. 2c](#fig2){ref-type="fig"}. These calorimetric values are typical of Fe([iii]{.smallcaps}) SCO compounds.^[@cit21],[@cit23]^ In the following cycles, the peak at 173 K disappears, mirroring the magnetic studies above. VT-PXRD (*vide infra*) confirms that a phase change takes place at around 170 K. It is noteworthy that there always is a small endothermic peak at 268 K just proceeding the actual SCO possibly associated with some structural pre-organization prior to SCO. In the second cycle, the cooling mode shows only one small peak at 261 K which may correspond to the unusual flexing seen in the VT-PXRD data. The lack of other peaks in the cooling mode may be a due to the small size of the crystallites formed after the first cooling. Similar results have been reported in \[Fe(3-bpp)(3-bpp-Ph-OMe)\]\[ClO~4~\]~2~·1.5-acetone (3-bbp = 2,6-bis{pyrazol-3-yl}pyridine; 3-bpp-Ph-OMe = 2,6-bis{5-(2-methoxyphenyl)pyrazol-3-yl}pyridine)^[@cit47]^ and \[Fe(3-bpp-Ph-OH)~2~\]\[ClO~4~\]~2~·2-acetone·H~2~O^[@cit48]^ (3-bpp-Ph-OH = 2,6-bis{5-(2-hydroxyphenyl)pyrazol-3-yl}-pyridine) which show no peaks in the cooling mode despite exhibiting abrupt SCO.

The magnetic studies reveal that samples of **2** are extremely sensitive to sample preparation and ageing. Elemental analysis confirms that both the fresh and aged samples contain one molecule of EtOH. Ageing effects, although uncommon, have been observed in \[Fe(qsal)~2~\]NCS and \[Fe(3-bpp-Ph-OH)~2~\]\[ClO~4~\]~2~·2THF·H~2~O and are generally found in hysteretic systems.^[@cit49],[@cit50]^ As in **2**, ageing of both these compounds results in more complete, abrupt and hysteretic SCO.

Mössbauer spectroscopic studies of \[Fe(qsal-I)~2~\]OTf·EtOH
------------------------------------------------------------

Mössbauer spectroscopy also confirms the different spin states in **2** at different temperatures ([Fig. 3](#fig3){ref-type="fig"}). The spectra show that the sample remains LS from 5.3 to 200 K due to the presence of a sharp quadrupole doublet with a wide quadrupole splitting and low isomer shift (Table S3[†](#fn1){ref-type="fn"}). By 260 K, although the signal to noise is poor, making fitting of the spectrum impossible, the presence of both HS and LS Fe([iii]{.smallcaps}) is visible. At 293 K the sample is fully HS with a broad quadrupole doublet with lower quadrupole splitting and higher isomer shift typical of HS Fe([iii]{.smallcaps}). Cooling of the sample reveals a full LS state at 220 K. The difference between the Mössbauer spectroscopic and magnetic data of the fresh sample is probably due to partial solvent loss during the measurement, something previously observed in \[Fe(qsal-Br)~2~\]NO~3~·2MeOH.^[@cit51]^

![^57^Fe Mössbauer spectra of **2** measured at the temperatures shown with a small magnetic field of 47 mT applied parallel to the γ-ray. The fits to the data are given as blue lines (LS) and red lines (HS).](c6sc05317c-f3){#fig3}

VT-PXRD studies of \[Fe(qsal-I)~2~\]OTf·EtOH
--------------------------------------------

As the magnetic properties of **2** depend greatly on the sample age and treatment, variable temperature powder X-ray diffraction (VT-PXRD) studies of **2**, using synchrotron radiation, were used to further probe the phase changes that occur. Two experiments were designed and relate to the magnetic data of a freshly prepared sample ([Fig. 2c and d](#fig2){ref-type="fig"}). The first experiment started collecting data at high temperature (dataset A) while the other began to collect data only after quenching the sample to 100 K (dataset B). Details of the experiments are shown in Tables S4 and S5[†](#fn1){ref-type="fn"} with Pawley fits in Fig. S6 and S7.[†](#fn1){ref-type="fn"} Stacked, interpolated diffraction patterns for dataset A and B are shown in [Fig. 4](#fig4){ref-type="fig"}.

![Stacked, interpolated diffraction patterns of peak evolution in **2** showing the phases that are produced upon repeated heating and cooling cycles for (a) dataset A and (b) dataset B. Highlights of the phase change in the data are in the red frame, showing the presence of phase **2a** in the data. The green box shows an \'unusually large\' change in the calculated unit cell parameters of **2b**. Crystallographic phases present at various temperatures (approximate) are depicted by the black (phase **2a**), dark grey (phase **2b**) and light grey (phase **2c**) lines to the right of the stack plot.](c6sc05317c-f4){#fig4}

In the VT-PXRD of dataset A, [Fig. 4a](#fig4){ref-type="fig"}, only one phase, that is **2a**, is present at 300 K. On cooling down to 180 K (step 1), a majority phase **2b** and a minority phase **2c** appear while phase **2a** gradually disappears, and is completely gone at *ca.* 164 K. The calculated unit cell parameters from the PXRD patterns of phase **2a** and **2b** are consistent with the single crystal X-ray data of phases **2a** and **2b**, respectively (Tables S6 and S7,[†](#fn1){ref-type="fn"} *vide supra*). Unfortunately, attempts to obtain the single crystal X-ray structure of phase **2c** which forms upon shattering have been unsuccessful to date. After cooling to 100 K, the sample was then heated to 300 K (step 2) with phase **2b** remaining the majority phase with the suggested transformation of **2c** into **2a** occurring at around 215--220 K. The transformation of **2a** → **2c** is observed again in the following cooling mode (step 3), at *ca.* 180 K. The persistence of phase **2b** and the transformation of the minority phase of **2c** ↔ **2a** are repeatable in the following cycles (step 4, Tables S4 and S5[†](#fn1){ref-type="fn"}). However, the emergence of the **2b** phase from **2a**, at *ca.* 180 K, takes place only once after the first cooling. As phase **2a** always exists at high temperature and transforms into phase **2c** at low temperature, it suggests that **2a** is the HS phase and **2c** is the LS phase. The temperature-dependent crystallographic phase change behaviour in **2** is summarized in [Fig. 5](#fig5){ref-type="fig"}.

![Summary of the phase changes that occur in **2** from VT-PXRD studies.](c6sc05317c-f5){#fig5}

For dataset B, [Fig. 4b](#fig4){ref-type="fig"}, the sample was initially quench cooled to 100 K. A mixture of phases **2b** (majority) and **2c** (minority) coexist at the beginning which contrasts with only phase **2a** being present in step 1 of dataset A. In the following cycle (steps 1 and 2), the dominant phase is **2b** which always appears together with either **2a** (HS phase) or **2c** (LS phase). Notably, the phase change temperatures between **2a** ↔ **2c** in datasets A and B are similar. However, the relatively weaker intensity of phases **2a** and **2c** in the diffraction patterns of dataset A in comparison to that in dataset B suggest there is a smaller amount of these phases in dataset A. The reason for this behaviour is unclear.

The phase transition from phase **2a** to **2b** at *ca.* 180 K, that is observed only in the first cooling (dataset A), is in accordance with the first abrupt spin transition (*T* ~1/2~ = 175 K) of the magnetic plot shown in [Fig. 2c](#fig2){ref-type="fig"}. This also agrees with the peak at 173 K from DSC results that appears distinctly in the first cooling of the experiment. For the heating mode, however, there is no phase change observed in the VT-PXRD data above 260 K where the magnetic plots in [Fig. 2c and d](#fig2){ref-type="fig"} show another abrupt SCO (*T* ~1/2~ = 270 K). There is unusual flexing of phase **2b** above 260 K in the VT-PXRD data in both dataset A and B ([Fig. 4](#fig4){ref-type="fig"}) and this might be correlated with the abrupt spin change in the magnetic data. For the following cycles, the two step SCO shown in [Fig. 2c](#fig2){ref-type="fig"} is believed to be an intrinsic magnetic property of phase **2b**.

As previously mentioned, the VT-PXRD results show relatively small amounts of phase **2a** and **2c** are present in dataset A. These two phases are expected to have minimal contribution to the magnetic plot in [Fig. 2c](#fig2){ref-type="fig"}. On the other hand, in dataset B, phases **2a** and **2c** are more pronounced. Consequently, there is an extra step in the cooling mode of the magnetic plot at *T* ~1/2~ ≈ 175 K ([Fig. 2d](#fig2){ref-type="fig"}) which is in the same region as the phase transition between **2a** → **2c**. Overall, the VT-PXRD data correlate well with the observed magnetic behaviour of **2**.

Magnetic studies of \[Fe(qsal-I)~2~\]OTf·sol
--------------------------------------------

The impact of solvent on SCO was investigated by SQUID magnetometry of **3--6**. The results are shown in [Fig. 6](#fig6){ref-type="fig"}, while the transition temperatures of **1--6** are shown in [Table 2](#tab2){ref-type="table"}. For **3** and **4**, the packing as well as the supramolecular interactions are almost identical (*vide infra*), resulting in very similar gradual but complete SCO. Heating the sample from 150 K, **3** continuously increases reaching a *χ* ~M~ *T* value of 4.0 cm^3^ K mol^--1^ at 275 K. For **4** the SCO is slightly more gradual. This might be due to slight alterations in the supramolecular connectivity with P4AE interactions found in **3** while only C--H···π interactions are found in **4**. The stronger cooperativity in **3** is also believed to be responsible for the lower transition temperature.

![Thermal variation of χ~M~ *T versus T* plot for \[Fe(qsal-I)~2~\]OTf·sol where sol are (a) *n*-PrOH **3** and i-PrOH **4** and (b) acetone **5** and MeCN **6**.](c6sc05317c-f6){#fig6}

###### Spin transition temperatures of \[Fe(qsal-I)~2~\]OTf·sol

  Solvent                                      *T* ~1/2~↓/K   *T* ~1/2~↑/K   Δ*T*/K        Note
  -------------------------------------------- -------------- -------------- ------------- -------------
  None[^*a*^](#tab2fna){ref-type="table-fn"}   225            234            9             
  EtOH **2** aged                              139            252            113           1^st^ cycle
  139                                          219            80             2^nd^ cycle   
  139                                          219            80             3^rd^ cycle   
  *n*-PrOH **3**                               199            199            0             
  i-PrOH **4**                                 251            251            0             
  Acetone **5**                                331            332            1             
  MeCN **6**                                   315            320            5             

^*a*^Data from [@cit38].

In contrast, **5** and **6** show incomplete SCO up to 350 K with a maximum of 70 and 58% HS conversion, respectively. Assuming the SCO is complete at higher temperatures the transition temperature is estimated to be 320--330 K but is rather gradual in both cases, consistent with the lower cooperativity in these compounds.

In this series, it is evident that the alcohols yield more abrupt and complete SCO, presumably due to their ability to hydrogen bond to the anion. However, the other physical properties of the solvents (volume, boiling point, dielectric constant) show no correlation with the abruptness of the SCO or the *T* ~1/2~ of the compounds. It appears that the solvent subtly alters the supramolecular connectivity in the system and it is this that is responsible for particular magnetic profiles we observe. This is explored in more detail in the following section.

Supramolecular packing in \[Fe(qsal-I)~2~\]OTf·sol
--------------------------------------------------

To try to better understand the SCO profiles of the different solvates we now examine the cooperativity in these systems. The packing in **1--6** is similar consisting of 1D chains held together by two sets of π--π interactions involving pairs of qsal-I ligands and is common for \[Fe(qsal-X)~2~\]^+^ complexes;^[@cit35],[@cit38],[@cit43],[@cit51],[@cit52]^ ([Tables 3](#tab3){ref-type="table"} and S8--S13[†](#fn1){ref-type="fn"}). The first set of π--π interactions (type A) contains triflate embraces ([Fig. 7](#fig7){ref-type="fig"}). The second set (type B) is supported by weak C--H···O contacts involving the alcohol solvent or C--H···N interactions in the case of MeCN. There are also C--H···O interactions between the aromatic hydrogens and the coordinated phenoxy oxygen atoms which may influence the ligand field provided by the qsal-I ligands.^[@cit53]^

###### Summary of the principle intermolecular interactions in \[Fe(qsal-I)~2~\]OTf·sol

                                                        **1** MeOH[^*a*^](#tab3fna){ref-type="table-fn"}     **2** EtOH                                           **3** *n*-PrOH         **4** i-PrOH         **5** Acetone        **6** MeCN
  ----------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------- -------------------- -------------------- -----------------------
  In 1D                                                 π--π, I···π, C--H···O,                               π--π, I···π, C--H···O,                               π--π, C--H···O         π--π, C--H···O/C     π--π, C--H···O       π--π, I···π, C--H···O
  In 2D                                                 P4AE                                                 P4AE                                                 P4AE                   C--H···π             P4AE                 P4AE
  In 3D                                                                                                      I···I (**2a** only)                                                         I···I                I···I                I···π
  OTf                                                   C--H···O (OTf)                                       I···O (OTf, **2a** only)                             C--H···O (OTf)         C--H···O (OTf)       C--H···O (OTf)       C--H···O (OTf)
  C--H···F (OTf)                                        C--H···O (OTf)                                       C···O (OTf)                                          C···O (OTf)            C--H···F (OTf)       C--H···F (OTf)       
                                                        O···π (**2b** only)                                  C--H···F (OTf)                                                              I···O (OTf)          I···O (OTf)          
                                                                                                                                                                                         I···F (OTf)                               
  Solvent                                               C--H···O (MeOH)                                      C--H···I (EtOH)                                      C--H···O (*n*-PrOH)    C--H (i-PrOH)···I    C--H···O (acetone)   C--H···N (MeCN)
                                                        C--H···O (EtOH)                                      C--H (*n*-PrOH)···I                                  C--H (i-PrOH)···C      C--H (acetone)···I                        
                                                                                                             C (*n*-PrOH)···I                                                                                                      
  An--An                                                F···F (HS only)                                      F···F                                                F···F                  F···F                O···F, O···S         
  Anion--sol                                            O--H···O                                             O--H···O                                             O--H···O, C--H···F/O   O--H···O, C--H···F   C--H···F             C--H···O
  Intra-chain/Å[^*b*^](#tab3fnb){ref-type="table-fn"}   2.74, 2.03[^*c*^](#tab3fnc){ref-type="table-fn"}     2.72, 2.01[^*d*^](#tab3fnd){ref-type="table-fn"}     3.04, 2.85             3.11, 2.86           2.74, 2.46           2.92
  *Δ* = --0.71                                          *Δ* = --0.71                                         *Δ* = --0.19                                         *Δ* = --0.25           *Δ* = --0.28                              
  Inter-chain/Å[^*b*^](#tab3fnb){ref-type="table-fn"}   8.63, 8.83[^*c*^](#tab3fnc){ref-type="table-fn"}     8.64, 8.71[^*d*^](#tab3fnd){ref-type="table-fn"}     8.62, 8.82             8.81, 9.00           7.34, 7.61           9.23
  *Δ* = 0.20                                            *Δ* = 0.07                                           *Δ* = 0.20                                           *Δ* = 0.19             *Δ* = 0.27                                
  Inter-plane/Å[^*b*^](#tab3fnb){ref-type="table-fn"}   12.00, 12.45[^*c*^](#tab3fnc){ref-type="table-fn"}   12.24, 12.91[^*d*^](#tab3fnd){ref-type="table-fn"}   12.23, 12.44           12.10, 12.33         13.20, 13.48         10.99
  *Δ* = 0.45                                            *Δ* = 0.67                                           *Δ* = 0.21                                           *Δ* = 0.23             *Δ* = 0.28                                

^*a*^Data taken from [@cit38].

^*b*^Low spin (LS), high spin (HS) distances, Δ(HS-LS).

^*c*^At 293 K.

^*d*^At 292 K.

![(a) Type A π--π interactions showing the supporting triflate embraces and (b) type B π--π interactions showing the supporting MeOH interactions of compound **1** at 163 K.](c6sc05317c-f7){#fig7}

Upon SCO (LS to HS) the π--π distances increase by on average 0.10 Å, although there is greater range for the type B interaction probably as this interaction involves the solvent. Interestingly, even though SCO is incomplete in **5** it shows the largest difference in π--π distances; the reason for this is unclear.

The 1D chains are further connected *via* P4AE (parallel fourfold aryl embrace) interactions^[@cit54]^ to create a 2D network. Uniquely for **4**, the qsal-I ligands are too offset to form a π--π interaction, and only C--H···π interactions are found ([Fig. 8](#fig8){ref-type="fig"}, Table S14[†](#fn1){ref-type="fn"}). As above the π--π distances lengthen by *ca*. 0.10 Å upon SCO. The C--H···π interactions also increase upon SCO but there appears to be an inverse relationship between the C--H···π and π--π interactions with the largest difference for **5** (*ca*. 0.12 Å, Δπ--π = 0.06 Å) and the smallest for **3** (*ca*. 0.02 Å, Δπ--π = 0.16 Å).

![(a) P4AE interactions in most \[Fe(qsal-I)~2~\]OTf·sol complexes, (b) C--H···π interactions in **4** linking the chains into a plane.](c6sc05317c-f8){#fig8}

![Supramolecular interactions of the solvent and triflate anions in (a) **1**, (b) **2a** and (c) I···O interactions related to triflate in **2a** bridging the Fe units into a plane.](c6sc05317c-f9){#fig9}

In addition to π--π interactions adjacent planes are linked *via* a weak I···I interaction (see Fig. S8,[†](#fn1){ref-type="fn"} a I···π bond is present in **6**). The planes are further linked by weak C--H···O and C--H···F contacts involving the triflate anions resulting in a quasi-3D network. The supramolecular interactions at 230 K for **1** and 170 K for **2a** all show subtle changes, indicative of substantial supramolecular reorganization prior to SCO.

The solvent and triflate interactions for **1--4** are very similar with two alcohol and two triflate anions bound together in a supramolecular circle (see Fig. S9 and Table S15[†](#fn1){ref-type="fn"}). The circle is composed of strong alcohol-triflate hydrogen bonds and a F···F interaction^[@cit55]--[@cit57]^ between the triflate anions. For **1** the latter is stronger at 293 K (2.867 Å) than it is at 163 K (3.005 Å) while for the other complexes it lengthens at high temperature. In **2** the difference between the HS (phase **2a**) and LS (phase **2b**) structures is almost 0.2 Å, consistent with the phase change noted above. For **3** and **4**, there are also C--H···F interactions which are generally weakened by SCO.

In **5** and **6** the solvent and triflate are linked by halogen bonding F···O and C--H···O interactions, respectively (Fig. S10[†](#fn1){ref-type="fn"}). The former are particularly strong being *ca*. 0.4 Å shorter than the van der Waals radii of F and O. This change in packing compared to **1--4** is probably responsible for the different SCO behaviour of these two solvates.

The triflate--solvent circles in **1** and **2** bridge the Fe cations that interact *via* π--π interactions as a chain through C--H···F/O interactions (Fig. S11[†](#fn1){ref-type="fn"}). In **2a** the Fe cations interact *via* P4AE and I···O interactions involving the triflate anion linking the Fe units in a plane ([Fig. 9](#fig9){ref-type="fig"}). This interaction is lost in the **2b** structure following a substantial reorientation of the triflate anion, which results in the formation of a new O···π interaction (3.022 Å, Fig. S12[†](#fn1){ref-type="fn"}). At the same time, the P4AE π--π interaction becomes more offset with neighbouring 1D chains shifted relative to each other. Similar supramolecular reorganization is found in \[Fe(qsal-I)~2~\]\[Ni(dmit)~2~\]·MeCN·H~2~O where the loss of I···S interactions^[@cit44]^ also gives abrupt and hysteretic SCO.

To gain a better understanding of the 3D packing in these compounds simplified polyhedra packing diagrams have been generated viewed down the 1D π--π chains; **1** is shown in [Fig. 10](#fig10){ref-type="fig"} as a representative example, with **2--6** shown in Fig. S13.[†](#fn1){ref-type="fn"} We define three parameters: the intra-chain, inter-chain and inter-plane distances, see [Fig. 10](#fig10){ref-type="fig"}. Looking at the different diagrams it is evident that the packing is tightest in **1** and **2**. There is also a large difference in the intra-chain distance in **1** and **2** of 0.71 Å while **3--5** exhibit much smaller values of 0.28--0.19 Å. **1** and **2** also show the smallest intra-chain distance in the HS state in this series. Moreover, the length of the 1D π--π chain, which is coincident with the *b* axis in **1**, **2** and **5** (the *a* axis for **3** and **4**), shortens most in **1** and **2** following SCO to the LS state. This confirms earlier studies that the 1D π--π chains are vital for SCO^[@cit34],[@cit38],[@cit51]^ and further that large differences between the two spin states will lead to abrupt SCO.^[@cit58],[@cit59]^

![Simplified packing diagram of **1** showing the intra-chain, inter-chain and inter plane distances with the \[Fe(qsal-I)~2~\]^+^ cations shown in yellow, the triflate anions in green and the MeOH molecules in burgundy.](c6sc05317c-f10){#fig10}

The packing in the propanol solvates, **3** and **4**, is almost identical (see [Fig. 11](#fig11){ref-type="fig"}), although the intra- and inter-chain distances are slightly shorter in **3** than **4**. This is consistent with the magnetic studies where **4** shows slightly more gradual SCO and a higher transition temperature than **3**.

![The packing of the two propanol solvates in (a) **3** and (b) **4**.](c6sc05317c-f11){#fig11}

The acetone and acetonitrile solvates **5** and **6** show the most obvious gaps in the structure with the largest inter-plane and inter-chain distances in this series. These solvents are also unable to hydrogen bond with the anion and combined with the more open packing results in lower cooperativity. Overall, this analysis reveals that the unique behaviour of **2** appears to be due to unusually tight packing which results in antagonistic interactions that favour a phase change and subsequent stepped SCO. Stepped SCO as a result of tight packing has been reported in \[Fe(qsal-Br)~2~\]NO~3~·2MeOH^[@cit51]^ and a number of Hoffmann-type networks including \[Fe~3~ ^II^(saltrz)~6~(M^II^(CN)~4~)~3~\]·8H~2~O {saltrz = 2-(((4*H*-1,2,4-triazol-4-yl)imino)methyl)-phenol},^[@cit60]^ {Fe\[(Hg(SCN)~3~)~2~\](4,4′-bipy)~2~}~*n*~ ([@cit61]) and \[Fe(dpsme)-Pt(CN)~4~\]·2/3dpsme·*x*EtOH·*y*H~2~O (dpsme = 4,4′-di(pyridylthio)-methane).^[@cit62]^

Conclusions
===========

In summary, we have for the first time in Fe([iii]{.smallcaps}) SCO chemistry prepared a series of complexes that differ only in the lattice solvent, \[Fe(qsal-I)~2~\]OTf·sol. We have established that solvent provides a simple and valuable tool for tuning SCO properties with *T* ~1/2~ varying over nearly 200 K in **1--6**. The impact of EtOH is particularly stark with samples of **2** showing ageing and sample treatment effects. VT-PXRD studies of fresh samples show a phase change following the first cooling resulting in two-step SCO with the degree of hysteresis dependent on the amount of the minor phases **2a** and **2c** present in the sample. In contrast, the aged sample shows a remarkable hysteresis of 80 K, one of the largest values known in SCO chemistry. Surprisingly, the packing in the compounds is very similar and composed of 1D chains of the \[Fe(qsal-I)~2~\]^+^ cations connected by π--π interactions. Additional P4AE and I···X (X = I, O, π) interactions combine to form 3D supramolecular networks. Nevertheless, there are subtle differences which result in very different magnetic behaviour with the shortest intra-chain distances and more extensive interactions associated with more abrupt SCO. Indeed, in the case of **2** these interactions may be antagonistic thereby encouraging a phase change and stepped SCO. The startling impact that solvent has on the SCO characteristics of **1--6** should permit the development of solvent specific sensors. Moreover, the findings from this work would be expected to be applicable to other systems and will greatly aid others in the continuing search for SCO switches that operate at room temperature.

Experimental
============

Materials and basic characterisation
------------------------------------

Hqsal-I was prepared as described previously.^[@cit63]^ All other reagents and solvents were purchased from Sigma-Aldrich Chemical Company or TCI Chemicals and used as received. Elemental analyses were carried out on a Eurovector EA3000 analyser by staff of the School of Chemistry, University of Bristol, UK. ESI-MS were carried out on a Bruker Daltonics 7.0T Apex 4 FTICR Mass Spectrometer by staff at the National University of Singapore. Infrared spectra (as KBr discs) were recorded on a Perkin-Elmer Spectrum One infrared spectrophotometer in the range 400--4000 cm^--1^.

X-ray crystallography
---------------------

Crystal data and data processing parameters for the structures of **1--6** are given in Table S1.[†](#fn1){ref-type="fn"} Crystals were mounted on a glass fibre using perfluoropolyether oil and the sample cooled to the required temperature in a stream of cold nitrogen. The diffraction data of **1**, **2** (at 170, 213 and 292 K), **4--6** were collected at 108 and 293 K on a Rigaku Spider diffractometer equipped with a MicroMax MM007 rotating anode generator, Cu~α~ radiation (*λ* = 1.54178 Å), high-flux Osmic multilayer mirror optics, and a curved image-plate detector. The data were integrated, scaled and averaged with FS Process.^[@cit64]^ In the case of **3** data were collected on a Bruker APEXII area detector with graphite monochromated MoKα (*λ* = 0.71073 Å).^[@cit65]^ After data collection, in each case an empirical absorption correction was applied.^[@cit66]^ In order to collect data for **2** at 100 K, a small amount of the sample was immersed in perfluoropolyether oil on a glass slide at room temperature, and the slide plunged into liquid nitrogen for up to one minute.

The structures were then solved by direct methods and refined on all *F* ^2^ data using the SHELX suite of programs^[@cit67]^ or OLEX2.^[@cit68]^ In all cases non-hydrogen atoms were refined with anisotropic thermal parameters; hydrogen atoms were included in calculated positions and refined with isotropic thermal parameters which were *ca*. 1.2 × (aromatic CH) or 1.5 × (Me, CH~2~, OH) the equivalent isotropic thermal parameters of their parent carbon atoms. All pictures were generated using either OLEX2 or DIAMOND.^[@cit69]^ The CCDC numbers for the X-ray crystallographic data presented in this paper are ; 1519938 (**2b**), ; 1519939 (**2a**-170 K), ; 1519940 (**2a**-213 K), ; 1519941 (**2a**-292 K), ; 1519942 (**3**-100 K), ; 1519943 (**3**-270 K), ; 1519944 (**4**-163 K), ; 1519945 (**4**-293 K), ; 1519946 (**5**-137 K), ; 1519947 (**5**-293 K) and ; 1519948 (**6**).

Magnetic measurements
---------------------

Data were collected using a Quantum Design MPMS 5 SQUID magnetometer under an applied field of 1 T over the temperature range 30--350 K for **1**, **3--6** and 30--325 K for **2**. The powdered or polycrystalline samples were placed in gel capsules and record at a scanning rate of nominally 10 K min^--1^. However, care was taken to allow long thermal equilibration times at each temperature point such that the real scan rate was far lower. In the case of **2** Vaseline was used for the fresh and aged samples to ensure minimal solvent loss during the measurement.

Mössbauer spectroscopic studies
-------------------------------

^57^Fe Mössbauer spectra were recorded on a low field Mössbauer spectrometer from SEE Co. (Science Engineering & Education Co., MN). The sample of **2** was enclosed in Vaseline and rapidly frozen in liquid nitrogen. The sample was then placed in the spectrometer running at 5.3 K. This rapidly quenched sample was then warmed slowly to 77 K, 200 K, 260 K and 293 K. The sample was then slowly cooled to 220 K and finally returned to 5.3 K.

Synthesis of \[Fe(qsal-I)~2~\]OTf·MeOH, **1**
---------------------------------------------

Hqsal-I (154 mg, 0.4 mmol) was dissolved in CH~2~Cl~2~ (2 ml) giving an orange solution. NEt~3~ (56 μl, 0.4 mmol) was added resulting in a change to dark orange. CH~3~OH (3 ml) was layered on top of the Hqsal-I solution. In a separate flask, FeCl~3~ (34 mg, 0.2 mmol) was dissolved in MeOH (5 ml) giving a yellow solution and AgOTf (155 mg, 0.6 mmol) added resulting in formation of a white powder (AgCl) which was filtered off. The yellow solution of Fe(OTf)~3~ was then layered on top of the blank CH~3~OH and left for 4 days. The black crystals which formed were washed with hexane (2 × 1 ml) and air dried yield 90 mg (47%). *ν̃* ~max~(KBr)/cm^--1^ 3067 (*ν* ~Ar-H~), 1600 (*ν* ~C0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 1111111111111111111111111111111111\ 1111111111111111111111111111111111\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 1111111111111111111111111111111111\ 1111111111111111111111111111111111\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000\ 0000000000000000000000000000000000N~), 1276 (*ν* ~S--O~), 1139 (*ν* ~C--F~), 1030 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 802.0 \[Fe(qsal-I)~2~\]^+^, 149.2 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~34~H~24~F~3~FeI~2~N~4~O~6~S: C, 41.51 (41.76); H, 2.46 (2.39); N, 5.70 (5.84)%.

The synthesis of the other complexes was achieved in a similar fashion by replacing MeOH with the appropriate solvent, *i.e.* EtOH, *n*-PrOH, i-PrOH, acetone and MeCN.

Synthesis of \[Fe(qsal-I)~2~\]OTf·EtOH, **2**
---------------------------------------------

### Aged sample

Prepared in a similar manner to **1** but with the crystals left in the CH~2~Cl~2~/EtOH mother liquor for 2 weeks. Yield 28%. *ν̂* ~max~(KBr)/cm^--1^ 3067 (*ν* ~Ar-H~), 1600 (*ν* ~CN~), 1276 (*ν* ~S--O~), 1163 (*ν* ~C--F~), 1030 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 801.9 \[Fe(qsal-I)~2~\]^+^, 149.1 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~35~H~26~F~3~FeI~2~N~4~O~6~S: C, 42.15 (41.81); H, 2.63 (2.44); N, 5.62 (5.93)%.

### Fresh sample

Crystals isolated immediately once crystallization was complete (*ca.* 3--4 days). IR and MS data matched those of the aged sample. Elemental analysis: calcd (found) for C~35~H~26~F~3~FeI~2~N~4~O~6~S: C, 42.15 (42.16); H, 2.63 (2.66); N, 5.62 (5.58)%.

Synthesis of \[Fe(qsal-I)~2~\]OTf·*n*-PrOH, **3**
-------------------------------------------------

Yield 26%. *ν̃* ~max~(KBr)/cm^--1^ 3067 (*ν* ~Ar-H~), 1601 (*ν* ~CN~), 1278 (*ν* ~S--O~), 1159 (*ν* ~C--F~), 1030 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 801.9 \[Fe(qsal-I)~2~\]^+^, 149.1 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~36~H~28~F~3~FeI~2~N~4~O~6~S: C, 42.75 (41.74); H, 2.79 (2.67); N, 5.54 (5.41)%.

Synthesis of \[Fe(qsal-I)~2~\]OTf·i-PrOH, **4**
-----------------------------------------------

Yield 23%. *ν̃* ~max~(KBr)/cm^--1^ 3067 (*ν* ~Ar-H~), 1601 (*ν* ~CN~), 1278 (*ν* ~S--O~), 1159 (*ν* ~C--F~), 1030 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 801.9 \[Fe(qsal-I)~2~\]^+^, 149.1 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~36~H~28~F~3~FeI~2~N~4~O~6~S: C, 42.75 (42.37); H, 2.79 (2.84); N, 5.54 (5.26)%.

Synthesis of \[Fe(qsal-I)~2~\]OTf·acetone, **5**
------------------------------------------------

Yield 20%. *ν̃* ~max~(KBr)/cm^--1^ 3044 (*ν* ~Ar-H~), 1596 (*ν* ~CN~), 1261 (*ν* ~S--O~), 1158 (*ν* ~C--F~), 1060 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 801.9 \[Fe(qsal-I)~2~\]^+^, 149.1 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~36~H~26~F~3~FeI~2~N~4~O~6~S: C, 42.84 (43.12); H, 2.60 (2.81); N, 5.55 (6.11)%.

Synthesis of \[Fe(qsal-I)~2~\]OTf·MeCN, **6**
---------------------------------------------

Yield 22%. *ν̃* ~max~(KBr)/cm^--1^ 3047 (*ν* ~Ar-H~), 1599 (*ν* ~CN~), 1299 (*ν* ~S--O~), 1159 (*ν* ~C--F~), 1042 (*ν* ~S--O~) cm^--1^. *m*/*z* (ESI) 801.9 \[Fe(qsal-I)~2~\]^+^, 149.1 \[CF~3~SO~3~\]^--^. Elemental analysis: calcd (found) for C~35~H~23~F~3~FeI~2~N~5~O~5~S: C, 42.36 (43.62); H, 2.33 (2.54); N, 7.06 (7.17)%.
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[^1]: †Electronic supplementary information (ESI) available: Crystallographic details, structural figures, VT-PXRD data and figures, Mössbauer spectroscopic data, DSC and TGA results. CCDC [1519938--1519948](1519938–1519948). For ESI and crystallographic data in CIF or other electronic format see DOI: [10.1039/c6sc05317c](10.1039/c6sc05317c) Click here for additional data file. Click here for additional data file.
